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HOSPITAL BED OBSTACLE DETECTION
DEVICE AND METHOD

This application 1s a continuation of U.S. application Ser.
No. 10/510,996, which 1ssued as U.S. Pat. No. 7,472,437 on

Jan. 6, 2009 and which 1s the national phase under 35 U.S.C.
§371 of PCT International Application No. PCT/US03/
12166, which has an International filing date of Apr. 21, 2003,
designating the United States of America, and claims the
benefit of U.S. Provisional Patent Application No. 60/373,
819, which was filed Apr. 19, 2002, and U.S. Provisional
Patent Application No. 60/408,698, which was filed Sep. 6,
2002.

BACKGROUND AND SUMMARY OF TH
INVENTION

L1

The present invention relates generally to a patient support
and, more particularly, to a device and related method for
detecting obstacles within a path of travel intermediate first
and second components of a hospital bed. Further, the present
invention relates to a device and related method for inhibiting
the relative movement between first and second components
of the hospital bed upon detection of an obstacle within the
path of travel.

It 1s well known to provide a vertically movable patient
support. More particularly, 1t 1s known to provide a hospital
bed including a base frame and an elevating frame supporting
a patient support surface. A lifting mechanism 1s configured
to raise and lower the elevating frame relative to the base
frame. Entry and exit from the bed 1s facilitated by placing the
clevating frame 1n a lowered position. A raised position of the
clevating frame, in turn, provides a convenient surface for the
examination and treatment of the patient.

Additionally, conventional lifting mechanisms provide for
the tilting of the elevating frame from a horizontal position
into Trendelenburg and reverse Trendelenburg positions. A
hospital bed incorporating such a lifting mechanism 1s 1llus-
trated 1n U.S. Pat. No. 3,958,283 to Adams et al., the disclo-
sure of which 1s expressly imncorporated by reference herein.

According to an illustrative embodiment of the invention, a
hospital bed obstacle detection device 1s provided for use with
a hospital bed including a base frame and an elevating frame
coupled to a patient support surface. The obstacle detection
device controls movement of the elevating frame relative to
the base frame upon detecting an object within a path of travel
of the elevating frame. The obstacle detection device com-
prises an emitter coupled to one of the base frame and the
clevating frame. The emitter 1s configured to generate a wire-
less curtain extending below the elevating frame. The
obstacle detection device further comprises a recerver
coupled to one of the base frame and the elevating frame of
the bed. The receiver 1s configured to detect the wireless
curtain generated by the emitter. The obstacle detection
device further comprises a control unit 1n communication
with the receiver and configured to control movement of the
clevating frame based on an output signal from the receiver.

[lustratively according to the invention, the emitter com-
prises an infrared light source and a lens positioned proximate
the infrared light source configured to convert light emitted
therefrom to form an optical curtain. Illustratively, the lens
comprises a fresnel lens.

Further 1llustratively according to the mnvention, the wire-
less curtain includes a modulated signal and the recerver
compares the modulated signal to a predefined verification
signal 1n order to prevent interference from external light
sources.

10

15

20

25

30

35

40

45

50

55

60

65

2

Ilustratively according to the invention, the receiver 1s
configured to move with the elevating frame within a pre-
defined vertical range. The predefined vertical range 1s 1llus-
tratively from the base frame to the elevating frame when the
clevating frame 1s 1n a fully raised position.

Further illustratively according to the invention, an indica-
tor 1s provided in communication with the control unit. The
indicator 1s configured to indicate failure of the receiver to
detect the wireless curtain.

According to a further illustrative embodiment of the
invention, a patient support apparatus comprises a base
frame, an elevating frame configured to move along a path of
travel above the base frame, a patient support surface sup-
ported by the elevating frame, and a detector supported by one
of the elevating frame and the base frame, the detector being
configured to detect an obstacle within the path of travel of the
clevating frame and provide a control signal 1n response
thereto. A control unit 1s provided in communication with the
detector and 1s configured to prevent movement of the elevat-
ing frame 1n response to the control signal.

Ilustratively according to the invention, an emitter 1s sup-
ported by one of the base frame and the elevating frame,
wherein the emitter 1s configured to generate a wireless sig-
nal.

Further illustratively according to the invention, the emitter
1s supported by the base frame and the detector 1s supported
for movement with the elevating frame.

Ilustratively according to the invention, the detector com-
prises a camera configured to capture images of the elevating
frame along the path of travel. The control unit 1s configured
to compare the images captured by the camera to predefined
images to determine the presence of an obstacle within the
path of travel.

According to another 1llustrative embodiment of the inven-
tion, a patient support apparatus comprises a base frame, an
clevating frame disposed 1n spaced relation to the base frame,
a patient support surface supported by the elevating frame,
and an emitter coupled to one of the base frame and the
clevating frame and configured to generate a wireless signal.
A recerver 1s coupled to one of the base frame and the elevat-
ing frame and 1s configured to detect the wireless signal.

Ilustratively according to the invention, the patient support
apparatus includes a lifting device configured to move the
clevating frame relative to the base frame.

Further illustratively according to the invention, the patient
support apparatus includes a control unit in communication
with the lifting device and the recerver. The control unit 1s
configured to prevent operation of the lifting device if the
receiver fails to detect the wireless signal.

Ilustratively according to the invention, the emitter gener-
ates an optical curtain positioned intermediate the base frame
and the elevating frame. The emitter illustratively comprises
an infrared light source and a lens 1s positioned proximate the
inirared light source configured to convert light emitted there-
from to the optical curtain. Illustratively, the lens comprises a
fresnel lens.

Further 1llustratively according to the invention, the wire-
less signal includes a modulated signal and the control unit
compares the modulated signal to a predefined verification
signal 1n order to prevent interference from external light
sources.

Further illustratively according to the invention, the
receiver 1s configured to move with the elevating frame within
a predefined vertical range. The predefined vertical range 1s
illustratively from the base frame to the elevating frame when
the elevating frame 1s 1n a fully raised position.
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[lustratively according to the invention, an indicator 1s
provided 1n communication with the control unit. The indi-
cator 1s configured to indicate failure of the recerver to detect
a wireless signal.

Further 1llustratively according to the mnvention, the wire-
less signal includes a pulsed portion having a predefined
frequency, and said recerver 1s configured to detect said pre-
defined frequency. The pulsed portion illustratively has a
frequency of approximately 57 MHz and has a duration of
approximately 600 microseconds followed by a delay of
approximately 2 milliseconds.

Further 1llustratively according to the invention, the emitter
1s configured to generate a plurality of wireless signals 1n a
plurality of signal paths, and a plurality of recetvers are con-
figured to detect the wireless signals along different ones of
the signal paths. The control unit 1s configured to prevent
movement of the elevating frame when any of the plurality of
receivers fail to detect a wireless signal.

Hlustratively according to the invention, at least one of the
receivers 1s supported for movement with the elevating frame
and the emuitter 1s supported by the base frame.

According to another 1llustrative embodiment of the inven-
tion, a hospital bed obstacle detection device 1s provided for
use with a hospital bed including a base frame and an elevat-
ing frame coupled to a patient support surface. The obstacle
detection device 1s configured to prevent vertical movement
of the elevating frame relative to the base frame upon detect-
ing an object within a path of travel of the elevating frame.
The obstacle detection device comprises at least one emitter
configured to generate a first optical curtain extending proxi-
mate a first longitudinal side edge of the bed intermediate the
base frame and the elevating frame, and a second optical
curtain extending proximate a second longitudinal side edge
of the bed intermediate the base frame and the elevating
frame. The obstacle detection device further comprises at
least one first side recerver associated with the at least one
emitter and configured to detect the first optical curtain, and at
least one second side recerver associated with the at least one
emitter and configured to detect the second optical curtain. A
control unit 1s provided 1n communication with the at least
one first side receiver and the at least one second side receiver,
the control unit configured to prevent movement of the elevat-
ing frame 11 either of the at least one first side recerver and the
at least one second side receiver does not detect the first
optical curtain and the second optical curtain, respectively.

Hlustratively according to the mvention, the emitter com-
prises an infrared light source and a lens positioned proximate
the infrared light source configured to convert light emitted
therefrom to the optical curtain. Illustratively, the lens com-
prises a Iresnel lens.

Hlustratively according to the mvention, each optical cur-
tain includes a modulated signal and each recerver compares
the modulated signal to a predefined verification signal to
prevent 1nterference from external light sources.

Further illustratively according to the mvention, each
receiver 1s configured to move with the elevating frame within
a predefined vertical range. The predefined vertical range 1s
illustratively from the base frame to the elevating frame when
the elevating frame 1s 1n a fully raised position.

Hlustratively according to the mmvention, an indicator 1s
provided 1mn communication with the control unit. The 1ndi-
cator 1s configured to indicate failure of either of the first side
and the second side receivers to detect the first and second
optical curtains, respectively.

According to a further illustrative embodiment of the
present mnvention, a hospital bed obstacle detection device 1s
provided for use with a hospital bed including a base frame
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and an elevating frame coupled to a patient support surface.
The obstacle detection device controls movement of the
clevating frame relative to the base frame upon detecting an
object within a path of travel of the elevating frame. The
obstacle detection device comprises means for generating a
wireless curtain within a path of travel of the elevating frame,
means for detecting the wireless curtain and generating a
signal in response thereto, and means for recerving the signal
and controlling movement of the elevating frame 1n response
thereto.

Ilustratively according to the invention, the means for
generating a wireless curtain comprises an infrared light
source. A lens 1s illustratively positioned proximate the inira-
red light source and i1s configured to convert light emitted
therefrom to the wireless curtain. Illustratively the lens com-
prises a fresnel lens.

Further illustratively according to the invention, the wire-
less curtain 1ncludes a modulated signal and the detecting
means compares the modulated signal to a predefined signal
to prevent interference from external light sources.

Further illustratively according to the invention, the detect-
ing means 1s configured to move with the elevating frame
within a predefined vertical range. The predefined vertical
range 1s illustratively from the base frame to the elevating
frame when the elevating frame 1s 1n a fully raised position.

Ilustratively according to the invention, an indicating
means 1s provided in communication with the control means.
The indicating means 1s configured to indicate failure of the
detecting means to detect the wireless curtain.

According to another 1llustrative embodiment of the inven-
tion, amethod 1s provided of preventing vertical movement of
a patient support surface upon detection of an obstacle within
a path of travel, the method comprising the steps of providing
a patient support including a movable component, generating
a detectable wireless signal within a path of travel of the
movable component, providing a receiver for detecting the
wireless signal, moving the patient support surface, generat-
ing a stop signal 1f the receiver fails to detect the wireless
signal, and preventing vertical movement of the patient sup-
port surface 1n response to the stop signal.

Ilustratively according to the invention, the step of gener-
ating a detectable wireless signal comprises the steps of pro-
viding a light source and emitting intrared light from the light
source. The method illustratively further comprises the step
of placing a lens proximate the light source for converting
light emitted therefrom to an optical curtain.

Further illustratively according to the invention, the wire-
less signal includes a modulated signal and the recerver com-
pares the modulated signal to a predefined verification signal
to prevent interference from external light sources.

Ilustratively according to the invention, the recerver 1s
configured to move with the elevating frame within a pre-
defined vertical range.

Further illustratively according to the invention, the
method comprises the step of activating an indicator in
response to the stop signal.

According to a further illustrative embodiment of the
invention, a hospital bed includes a first component, a second
component movable relative to the first component, an optical
curtain generator coupled to the first component, and an opti-
cal curtain detector coupled to the second component. The
hospital bed further includes a control unit in commumnication
with the detector and being configured to prevent relative
movement of the first and second portions upon failure of the
detector to detect the optical curtain.

[lustratively according to the invention, the first compo-
nent 1s one of an elevating frame and an articulating deck
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supported by the elevating frame, and the second component
1s the other of the elevating frame and the articulating deck.

Hlustratively according to the mvention, the first compo-
nent 1s one of a base frame and an elevating frame supported
by the base frame, and the second component 1s the other of
the base frame and the elevating frame.

Hlustratively according to the mvention, the first compo-
nent 1s a first siderail and the second component 1s a second
siderail.

Hlustratively according to the mvention, the first compo-
nent 1s one of an elevating frame and a siderail supported by
the elevating frame, and the second component 1s the other of
the elevating frame and the siderail.

[lustratively according to the mvention, the first compo-
nent 1s one of a footboard and a siderail, and the second
component 1s the other of the footboard and the siderail.

According to another 1llustrative embodiment of the imnven-
tion, a hospital bed includes a first component, a second
component configured to move relative to the first portion
along a path of travel, and a detector supported by one of the
first component and the second component, the detector con-
figured to detect an obstacle within the path of travel of the
second component and provide a control signal in response
thereto. A control unit 1s 1n commumnication with the detector
and 1s configured to prevent relative movement of the firstand
second components 1n response to the control signal.

[lustratively according to the invention, an emitter 1s sup-
ported by one of the first component and the second compo-
nent, the emitter being configured to generate a wireless
signal. The emuitter 1s 1llustratively supported by the first
component and the detector 1s supported for movement with
the second component.

Further illustratively according to the invention, the detec-
tor comprises a camera configured to capture images of the
second component along the path of travel. The control unitis
configured to compare the images captured by the camera to
predefined 1mages to determine the presence of an obstacle
within the path of travel.

According to a further illustrative embodiment of the
invention, a patient support apparatus comprises a first coms-
ponent, a second component configured to move relative to
the first component along a path of travel, and an emuitter
supported by one of the first component and the second com-
ponent. The emitter 1s configured to transmit a wireless signal
having a pulsed portion of a predetermined frequency and
duration. A detector 1s configured to detect the wireless sig-
nal, the detector being configured to provide an indication 11
it fails to detect the pulsed portion of the wireless signal.

Hlustratively according to the ivention, a control unit 1s
configured to prevent movement of the second component
relative to the first component when the detector fails to detect
the pulsed portion of the wireless signal. Further illustra-
tively, the pulsed portion of the wireless signal has a fre-
quency of approximately 57 MHz and a duration of approxi-
mately 600 microseconds.

According to another illustrative embodiment of the inven-
tion, a patient support apparatus comprises a first component,
a second component configured to move relative to the first
component along a path of travel, and a force sensing switch
supported by one of the first component and the second com-
ponent. The force sensing switch i1s configured to provide an
indication 11 i1t detects the application of a predetermined
force thereto.

Hlustratively according to the ivention, a control unit 1s
configured to prevent movement of the second component
relative to the first component when the force sensing switch
detects the application of the predetermined force.
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Additional features and advantages of the present mven-
tion will become apparent to those skilled in the art upon a
consideration of the following detailed description of 1llus-
trative embodiments exemplifying the best mode of carrying
out the 1nvention as presently percerved.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description particularly refers to the accom-
panying figures 1n which:

FIG. 1 1s a perspective view of a hospital bed incorporating
an 1llustrative embodiment of the obstacle detection device of
the present invention;

FIG. 2 15 a side elevational view of the hospital bed of FIG.
1, the opposite side elevational view being a mirror 1mage
thereof;

FIG. 3 1s a foot end view of the hospital bed of FIG. 1;

FIG. 4 1s a block diagram representation of the obstacle
detection device of FI1G. 1;

FIG. § 1s a side elevational view 1n partial schematic of the
hospital bed of FIG. 1, illustrating the bed 1n a fully raised
position and with potential obstacles positioned in detection
paths of the various receivers;

FIG. 6 15 a side elevational view in partial schematic similar
to FIG. 5, illustrating the bed 1n a lowered position;

FIG. 71s a side elevational view 1n partial schematic similar
to FIG. 5, illustrating the bed 1n an intermediate position;

FIG. 8 1s a foot end view 1n partial schematic of the hospital
bed of FI1G. 5, 1llustrating the bed 1n a fully raised position and
with potential obstacles positioned in detection paths of the
various receivers;

FIG. 9 1s a flow chart illustrating the method operation
associated with the obstacle detection device of FIG. 1;

FIG. 10 1s a perspective view of a hospital bed incorporat-
ing a further 1llustrative embodiment of the obstacle detection
device of the present invention;

FIG. 11 1s a side elevational view of the hospital bed of FIG.
10, the opposite side elevational view being a mirror 1mage
thereof:;

FIG. 12 1s a perspective view of a hospital bed, with certain
components removed for clarity, incorporating a further 1llus-
trative embodiment obstacle detection device of the present
imnvention;

FIG. 13 1s a partially exploded perspective view similar to
FIG. 12, with the frame covers raised to 1llustrate the emitters
and the detectors of the obstacle detection device;

FI1G. 14 1s a side elevational view of the hospital bed of FIG.
12, with the frame covers removed for clarity, the opposite
side elevational view being a mirror image thereof;

FIG. 15 1s a foot end view of the hospital bed of FIG. 12,
with the frame covers removed for clarity;

FIG. 16 1s a rear perspective view of the foot end frame
cover of the hospital bed of FIG. 12;

FIG. 17 1s a perspective view of the left side head end frame
cover of the hospital bed of FIG. 12, the nght side head end
frame cover being a mirror image thereof;

FIG. 18 1s an exploded perspective view of a housing of the
obstacle detection device of FIG. 12;

FIG. 19 15 a perspective view of a cover of the housing of
FIG. 18;

FIG. 20 1s a perspective view of a base of the housing of
FIG. 18;

FIG. 21 1s a block diagram representation of the obstacle
detection device of FI1G. 12;
FIG. 22 15 a timing diagram of an illustrative signal gener-

ated by the emitter of the obstacle detection device of FI1G. 12;
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FI1G. 23 1s an 1llustrative wavelorm generated by the detec-
tor of the obstacle detection device of FIG. 12 1n response to

the 1llustrative signal of FIG. 22;

FIG. 24 1s an illustrative wavetform as receirved by the
microprocessor aiter the illustrative detector wavetform of
FIG. 23 passes through an RC filter;

FIG. 25 15 a perspective view of a hospital bed incorporat-
ing a further illustrative embodiment of the obstacle detection
device of the present invention;

FIG. 26 15 a perspective view of the hospital bed of FIG. 25
with certain components removed for clarity;

FI1G. 27 1s a block diagram representation of the obstacle
detection device of FIG. 25;

FIG. 28 1s a detailed perspective view, with a partial cut-
away, ol a sensor of the obstacle detection device of FI1G. 25;

FI1G. 29 1s a cross-sectional view taken along lines 29-29 of
FI1G. 28; and

FIG. 30 1s a diagrammatic representation of the obstacle
detection device of FIG. 25.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring mitially to FIGS. 1-3, a hospital bed 10 1s 1llus-
trated as including the obstacle detection device 12 of the
present mvention. The hospital bed 10 includes opposing
right and left longitudinal side edges 14 and 16 extending
between a head end 18 and a foot end 20. In the following
description, the phrases “right side” and “left side” will be
utilized to denote the relative location of an object positioned
to lie nearest the right side edge 14 and left side edge 16,
respectively, of the bed 10. The phrase “head end” will be
utilized to denote the relative location of an object positioned
to lie nearest the head end 18 of the hospital bed 10. Likewise,
the phrase “foot end” will be used to denote the proximate
location of a referenced object positioned to lie nearest the
foot end 20 of the hospital bed 10.

The hospital bed 10 includes a base module 22 having a
base frame 24 supported by conventional casters 25 which
provide mobility to the bed 10. The base frame 24 includes a
right side member 21 and a left side member 23 connected by
a foot end cross member 29 and a head end cross member 31.
An 1intermediate or elevating frame 26 1s coupled to the base
frame 24 by first and second pairs of liit arms 28 and 30 1n a
manner providing for vertical movement of the elevating
frame 26 relative to the base frame 24. An articulating deck 36
1s supported for movement relative to the elevating frame 26.
A mattress 38 1s carried by the articulating deck 36 and
provides a sleeping or patient support surface 40 configured
to receive a patient.

A headboard 42 1s illustratively supported by the elevating
frame 26 proximate the head end 18 of the bed 10 while a
tootboard 44 1s supported by the elevating frame 26 proxi-
mate the foot end 20 of the bed. It should be appreciated that
the headboard 42 and the footboard 44 may alternatively be
coupled to the base frame 24. Conventional first and second
siderails 46 and 47 are provided proximate the longitudinal
side edges 14 and 16 of the bed 10. The first siderails 46 are
positioned proximate the foot end 20 of the bed 10, while the
second siderails 47 are positioned proximate the head end 18
of the bed 10. A pair of arms 48 and 49 couple each of the
siderails 46 and 47 to the articulating deck 36 1n a manner
providing for relative vertical movement therebetween.

The articulating deck 36 includes a head section 50, a seat
section 52, a thigh section 54, and a foot section 56. Illustra-
tively, the first siderails 46 are supported by the foot section
56, while the second siderails 47 are supported by the head
section 30. As such, 1t should be appreciated that the siderails
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46 and 47 move relative to each other as the foot section 56
and the head section 50 of the articulating deck 36 move
relative to each other. The mattress 38 rests on the articulating
deck 36 and includes a head portion 58, a seat portion 60, a
thigh portion 62, and a foot portion 64, each of which gener-
ally correspond to the like-named portions of the deck 36, and
cach of which 1s generally associated with the head, seat,
thighs, and feet of a patient supported on the surface 40.
Details of the articulating deck 36 are of conventional design
and may comprise those of the type disclosed 1n U.S. Pat. No.
6,336,235 to Ruehl, which 1s assigned to the assignee of the
present mvention and which 1s expressly incorporated by
reference herein.

The lift arms 28 and 30 are operably connected to a drive or
lifting device 66 (FI1G. 4) for causing the vertical movement
of the elevating frame 26 relative to the base frame 24. More
particularly, the elevating frame 26 1s configured to move
vertically between a raised position (FIG. 5) and a lowered
position (FIG. 6). A plurality of intermediate positions (FIG.
7) are available for the elevating frame 26 between the raised
position and the lowered position. The lifting device 66 may

comprise a conventional mechanism of the type disclosed 1n
U.S. Pat. No. 3,958,383 to Adams et al. or U.S. Pat. No.

6,336,235 to Ruehl, both of which are assigned to the
assignee of the present invention and which are expressly
incorporated by reference herein.

With reference now to FIGS. 1-4, the obstacle detection
device 12 of the present mvention includes a first or right side
detection umt 70, associated with the right side longitudinal
edge 14 of the hospital bed 10, a second or left side detection
unit 72 associated with the left longitudinal side edge 16 of
the bed 10, and a third or foot end detection unit 74 associated
with the foot end 20 of the bed 10. The right side detection
unmt 70 1s configured to generate a first optical curtain 76
(FI1G. 2) while the left side detection unit 72 1s configured to
generate a second optical curtain 78 substantially identical to
the first optical curtain 76. Likewise, the foot end detection
unmit 74 1s configured to generate a third optical curtain 80
(FIG. 3). A fourth or head end detection unit (not shown)
substantially 1dentical to the foot end detection unit 74 may
likewise be provided adjacent the head end 18 of the bed 10
for generating a fourth optical curtain (not shown) similar to
the optical curtains 76, 78, and 80. Illustratively, each detec-
tion unit 70, 72, and 74 includes an emitter 82 coupled to the
base frame 24. The emitter 82 illustratively comprises a light
source, such as an infrared (IR) light emitting diode (LED).
The light emitting diode may be empirically selected based
upon dimensions and operating conditions of the bed 10.

[lustratively, an emitting diode Model No. SFH41SU
available from OSRAM Opto Semiconductors of San Jose,
Calif., may be utilized. However, it should be appreciated that
other conventional emitters, including ultrasonic, radar, and
microwave may be substituted for the infrared emitters. A
beam shaping lens 84 1s positioned adjacent to each emitter 82
for converting or shaping a beam of light emitted from the
emitter 82 1nto the respective optical curtain 76, 78, 80. The
beam shaping lens 84 may comprise a fresnel lens of the type
well-known 1n the art. Illustratively, Model No. H43796
available from Edmund Scientific of Tonawanda, N.Y., may
be utilized. It should be noted that a plurality of emaitters 82
may be utilized to form each respective optical curtain 76, 78,
80, thereby eliminating the beam shaping lens 84.

The emitter 82 1n combination with the lens 84 directs light
a predetermined distance from the emitter 82 thereby mini-
mizing spillover to adjacent equipment. Moreover, each
respective emitter 82 and lens 84 define a perimeter including
a predetermined width and height for the optical curtains 76,
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78, and 80. The predetermined height 1s defined to extend
from an upper edge 86 to a lower edge 88 intermediate the
base frame 24 and the elevating frame 26. Illustratively, the
predetermined height 1s equal to the distance between the
base frame 24 and the elevating frame 26 when the elevating,
frame 26 1s 1n 1its uppermost position (FI1G. 5) as defined by the
lifting device 66.

A plurality of detectors 90, 92, 94 are associated with each
emitter 82 and are configured to receive or detect the respec-
tive optical curtain 76, 78, and 80. The detectors 90, 92, and
94 are 1dentified as Detector A, Detector B, and Detector C,
respectively in FIG. 4. Moreover, each optical curtain 76, 78,
80 1s 1llustratively formed by a plurality of individual wireless
inirared signals 96 (FIGS. 5-8) emitting from the emitter 82
and detectable by the detectors 90, 92, 94. Illustratively, Opto

Sensor Model No. BPW-34F from OSRAM Opto-Semicon-
ductors of San Jose, Calif., may be used for detectors 90, 92,
94. However, 1t should be noted that other similar detectors
may be readily substituted therefor. Moreover, as detailed
below, detectors which are operable independently of an
emitter, such as proximity sensors or cameras, may be sub-
stituted for the combined infrared detectors 90, 92, 94 and
emitters 82.

Referring further to FIG. 4, a control unit 98 1s provided in
communication with each emitter 82 and detector 90, 92, 94.
In one embodiment of the invention, each emitter 82 transmits
randomly modulated wireless infrared light rays or signals 96
to form a respective optical curtain 76, 78, 80. A source
modulation or verification signal 99 1s then transmitted
through a conventional communication link, such as hard
wires (not shown) disposed within the bed base frame 24, to
the control unmit 98. If the intensity, spectrum or modulatlon of
the received wireless signal 96 at the detector 90, 92, 94 does
not match the verification signal 99, the control unit 98 inhib-
its movement of the bed 10 by the lifting device 66. As such,
the verification signal 99 prevents external light sources, such
as room lights or sunlight, from interfering with the operation
of the obstacle detection device 12.

An 1ndicator 100 may be supported by the hospital bed 10
for providing an indication of the detection of the optical
curtain 76, 78, 80 by the detectors 90, 92, 94. More particu-
larly, the indicator 100 may include a clearance indicator,
illustratively 1n the form of a green light 102, which 1s acti-
vated by a clearance signal 103 supplied by the control unit 98
to provide an 1indication of a clear detection path between the
emitter 82 and the detectors 90, 92, 94. An obstruction indi-
cator, illustratively in the form of a red light 104, may be
provided to indicate a failure of one of the detectors 90, 92, 94
to recerve the appropriate wireless signal 96 of the optical
curtains 76, 78, 80. The obstruction indicator 104 1s activated
by an obstruction signal 105 supplied by the control unit 98.
It should be appreciated that the indicator 100 may comprise
a single bi-color red/green status indicator. Alternatively,
other indicators, such as an audible alarm or any other device
which may provide an indication of the presence of an
obstacle 1n the detection path, may be readily substituted for
the obstruction indicator light 104.

With reference to FIGS. 5-9, the operation of the obstacle
detection device 12 of the present invention 1s described 1n
greater detail. As illustrated 1n FIG. 9, the process begins at
block 202 upon activation of the obstacle detection device 12.
The process continues to block 204 where the respective
emitters 82 are activated. At block 206, the optical curtains
76,78, 80 are formed by passing a light beam containing rays
or signals 96 produced by the respective emitters 82 through
the associated beam shaping lenses 84.
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Continuing at block 208, the respective receivers 90, 92, 94
are activated. The receivers 90, 92, 94 determine whether the
respective wireless curtain 76, 78, 80 1s detected. If the curtain
76, 78, 80 1s detected, then the process continues to block 212
where vertical movement of the elevating frame 1s permitted
by the control unit 98. At block 214, the clearance indicator
102 1s activated in response to the clearance signal 103 sup-
plied by the control unit 98.

If one of the wireless curtain 76, 78, 80 1s not detected by
the respective detectors 90, 92, 94 at block 210, then the
respective detector 90, 92, 94 sends an interruption signal 106
to the control unit 98. The process continues to block 216
where the control unit 98 generates a stop signal 108. Atblock
218, the eclevating frame lifting device 66 1s deactivated 1n
response to the stop signal 108. At block 220, the obstruction
indicator 104 1s activated 1n response to the obstruction signal
105 supplied by the control unit 98.

FIG. 5 1llustrates the hospital bed 10 1 a fully raised
position. Moreover, the elevating frame 26 1s raised to its
uppermost position by the lifting device 66 coupled 5 to the
litt arms 28, 30. F1G. 6, 1n turn, 1llustrates the elevating frame
26 ofthe hospital bed 10 1n 1ts lowermost position wherein the
clevating frame 26 1s lowered to 1ts position nearest the base
frame 24 through operation of the lifting device 66 and the It
arms 28, 30, 32, 34. FIG. 7 illustrates the hospital bed 10 with
the elevating frame 26 1n a intermediate position between the
uppermost position of FIG. 5 to the lowermost position of
FIG. 6.

It should be noted that the lifting device 66 may be pro-
vided with position sensors (not shown) configured to provide
teedback position signals to the control unmit 98 providing an
indication of the relative vertical position of the elevating
frame 26. Such position sensors are well-known 1n the art and
may be utilized with the obstacle detection device 12 of the
present invention to prevent the elevating frame 26 from
moving outside of the range of the optical curtains 76, 78 and
80.

As noted above, the receivers 90, 92, 94 for each optical
curtain 76, 78, 80 are configured to receive wireless signals 96
making up or forming the respective curtains 76, 78, 80. The
wireless signals 96 travel along a plurality of detection paths
from the emaitter 82 to the recervers 90,92, 94. Representative
wireless signals 96a, 965, 96¢, 964 and 96¢ are 1llustrated 1n
FIGS. 5 and 8. Potential obstacles are represented by refer-
ence numerals 114, 116 and 118 1 FIG. 5 and are placed
within the respective detection paths of signals 96a, 96¢, and
96¢. The obstacles 114, 116, 118 prevent the wireless signals
96a, 96c, and 96¢ of the optical curtains 78 and 80 from
reaching the respective detectors 90, 92, 94. The obstacles
114,116, 118 may comprise a person, medical instruments or
any other object found within a hospital room.

FIGS. 10 and 11 illustrate a hospital bed 310 including an
alternative embodiment obstacle detection device 312 of the
present invention. The obstacle detection device 312 includes
a first or right side detection unit 370 associated with the right
longitudinal side edge 14 of the hospital bed 310, a second or
left side detection unit 372 associated with the left longitudi-
nal side edge 16 of the bed 310, and a third or foot end
detection unit 374 associated with the foot end 20 of the bed
310. The nght side detection unmit 370 1s configured to gener-
ate a first optical curtain 376, while the left side detection unit
372 1s configured to generate a second optical curtain 378.
Likewise, the foot end detection unmit 374 1s configured to
generate a third optical curtain 380. A fourth or head end
detection unit (not shown) may be provided adjacent the head
end 18 of the bed 310 for generating a fourth optical curtain
(not shown) stmilar to the optical curtains 376, 378, and 380.
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[lustratively, each detection unit 370, 372, and 374 of the
obstacle detection device 312 includes a first or lower support
326 including a plurality of spaced apart emitters 328. Each
emitter 328 preferably comprises a seli-contained infrared
light-emitting diode. The emitters produce a beam of light
330 upwardly toward the elevating frame of the bed 10. As
illustrated 1n FIGS. 10 and 11, each beam of light 330 is
discrete and spaced apart from adjacent beams of light 330.
Collectively, the plurality of beams of light 330 define the
respective optical curtains 376, 378, and 380.

Each detection unit 370, 372, and 374 of the optical detec-
tion device 312 further includes a second or upper support
332 including a plurality of detectors 334. Each detector 334
1s associated with one of the emitters 328 and 1s configured to
receive or detect the respective light beam 330 defining the
optical curtains 376, 378, and 380.

In a manner similar to that detailed above, 1f an obstacle 1s
located in the optical curtain 376, 378, 380 between one of the
emitters 328 and detectors 334, such that one of the light
beams 330 1s interrupted, then the control unit 98 prevents the
lifting device 66 from vertically moving the elevating frame
26.

It should be noted that the optical curtains 376, 378, and
380 of the obstacle detection device 312 requure that the light
beams 330 be accurately aligned between the emitters 328
and the detectors 334 throughout the full path of travel of the
clevating frame 26. It may be appreciated, non-linear move-
ment of the elevating frame 26 relative to the base frame 24
may cause the respective emitters 328 and detectors 334 to
become mis-aligned, thereby resulting 1n a signal to the con-
trol unit 98 that an obstacle 1s positioned within the optical
curtain 376, 378, 380. Such false optical detection signals are
less likely to occur using the earlier embodiment having
substantially uniform optical curtains 76, 78, 80.

The individual detection units 370, 372, and 374 of the
obstacle detection device 312 may comprise the EASY-
GUARD™ o¢ri1d system available from Banner Engineering
Corp. of Minneapolis, Minn. However, 1t should be appreci-
ated that other stmilar devices may be substituted theretor.

FIGS. 12 and 13, illustrate portions of a hospital bed 410
including a further illustrative embodiment obstacle detec-
tion device 412 of the present invention. The obstacle detec-
tion device 412 includes a first or right side detection unit 470
associated with the right longitudinal side edge 14 of the
hospital bed 410, a second or left side detection unit 472
associated with the left longitudinal side edge 16 of the bed
310, and a third or foot end detection unit 474 associated with
the foot end 20 of the bed 310. The right side detection unit
4’70 1s configured to detect an obstacle proximate the top of
the right side member 21 of the base frame 24, while the left
side detection unit 472 1s configured to detect an obstacle
along the top of the left side 23 of the base frame 24. Likewise,
the foot end detection unit 474 1s configured to detect an
obstacle 1n front of the foot end cross member 29 of the base
frame 24 at the foot end 20 of the bed 410. It should be
appreciated that a fourth or head end detection unit (not
shown) may be provided adjacent the head end 18 of the bed

410 for detecting an obstacle behind the head end cross mem-
ber 31 of the base frame 24 of the bed 410.

As shown 1in FIGS. 13-15 and 21, each detection unit 470,
472, 474 of the obstacle detection device 412 includes an
emitter 482a, 4825, 482¢ and an associated detector 490a,
4900, 490c. Each emitter 482 1llustratively comprises a seli-
contained infrared (IR) light-emitting diode (LED) 483
coupled to an emitter microprocessor 485 which generates an
infrared (R) signal that 1s configured to be receirved by the
associated detector 490. The microprocessor 485 1llustra-
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tively comprises a conventional eight-bit microprocessor and
may comprise Part No. MC6S8HC908QT1CDW available
from Motorola of Schaumburg, I1l. A voltage regulator 487 1s
used to interface the microprocessor 485 to an 8.2 volt input
provided by the power source 488 of a power supply module
489. The output of the microprocessor 485 interfaces with the
LED 483, which converts the electrical signal into an optical
one.

The detector 490 1ncludes an IR sensor 491 which 1s con-
figured to receive the optical signal emaitted from the emaitter
482 and convert the optical signal to an electrical signal.
[lustratively, the sensor 491 1s an infrared photo diode con-
figured to observe a specific signal frequency and may com-
prise infrared detector Part No. GP1UM267XK available
from Sharp Microelectronics of Camas, Wash. The IR sensor
491 1s mterfaced to the 8.2 volt power source 488 via a
conventional regulator 492. The output of the detector 490 1s
routed through a buifer 493 and to the power supply module
489 for processing in the manner described herein.

While the 1llustrative emitters 482 and detectors 490 utilize
inirared light, 1t should be appreciated that other wireless
signals may be substituted therefore. More particularly, other
forms of electromagnetic radiation, such as ultrasonic, radar,
and microwave, may be substituted for IR light.

With retference to FIGS. 12, 13, and 16-20, each emitter
482 and detector 490 1s received within a housing 494. Each
housing 494 includes a cover 495 coupled to a base 498. The
base 498 includes a mounting aperture 500 configured to
receive a fastener 502 for securing the base 498 to an aperture
503 formed 1n the base frame 24 of the bed 410. A locating
peg 504 extends downwardly from a lower surface of the base
498 and 1s configured to be recerved within an aperture 506
formed i1n the base frame 24 of the bed 410. As such, the
combination of the fastener 502 recerved within the aperture
503 and the locating peg 504 received within the aperture 506
provides for the proper orientation and coupling of the hous-
ing 494 relative to the base frame 24. The base 498 further
includes four side walls 508 having a pair of notches or slots
510 formed 1n a pair of opposing ones of the side walls 5085
and 5084.

The cover 496 includes four side walls 512 and a top wall
514. A pair of locking tabs 516 are resiliently supported by an
opposing pair of the side walls 5125 and 5124 and are con-
figured to lockingly engage with the notches 510 of the base
498. Cooperating slots 518 and 520 are formed within the
cover 496 and base 498 and are configured to receirve com-
ponents, as supported on a circuit board 522, of the respective
emitter 482 and detector 490. A pair of apertures 524 are
formed within one of the side walls 512a of the cover 496 and
are aligned with the LED 483 of the emitter 482 or the sensor
491 of the detector 490. The apertures 524 are positioned and
s1zed for the efficient transmission of mirared light without
incurring substantial interference from external light sources.
[lustratively, the apertures 524 have a diameter of 3.18 mil-
limeters (0.125 inches) and are positioned approximately
24.2 mm (0.953 inches) 1n front of the mounting slots 518 and
520 for the respective circuit board 522.

With reference to FIGS. 12, 13, 16, and 17, the respective
housings 440 are protected from fluid ingress by caster or
frame covers 526, 528, 530 that cover portions of the base
frame 24 proximate the head and foot ends 18 and 20. Each
head end frame cover 526 and 528 includes a housing 531
having side walls 532 connected to a top wall 534. One of the
side walls 532 includes an opening 536 aligned with one of
the apertures 524 in one of the housings 494 associated with
the right and left side detection units 470 and 472. A trans-
parent window 538, illustratively a clear thermoplastic mate-
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rial, 1s fixed within the opening 536 to prevent the passage of
fluid therethrough, while permitting the passage of infrared
light from the emitter 482 to the detector 490. The window
538 may be fixed 1n place using conventional methods, such
as ultrasonic welding or adhesives. A clearance slot 340 may
be formed 1n another one of the side walls 5332 of the frame
covers 526 and 528 to provide clearance for the brake/steer
pedals 542 of the hospital bed 410, as needed.

The foot end frame cover 330 includes first and second

housings 544 and 546 coupled together by a connecting mem-
ber 548. Each housing 544 and 546 includes side walls 550
coupled to a top wall 552, and a pair of openings 554 and 556
tformed within different ones of the side walls 550. The open-
ings 554 are associated with one of the apertures 524 of the
foot end housings 494 of the right and left side detection units
470 and 472. The openings 556 are associated with one of the
apertures 524 of the housings 494 associated with the footend
detection unit 474. Windows 538 are illustratively fixed
within the openings 554 and 556 as detailed above.

As 1llustrated 1n FIGS. 12 and 13, the right and left side
detection units 470 and 472 may have theiwr emitters 482
positioned at the head end 18 and foot end 20 of the hospital
bed 410, respectively. As such, the transmission of infrared
light from the emitters 482 of the right side detection unit 470
and the left side detection unit 472 will be 1n opposite direc-
tions (as shown by arrows 557 1n FIG. 13) in order to reduce
the possibility of cross talk between the two detection units
470 and 472. Likewise, the emitter 482 of the foot end detec-
tion unit 474 does not direct infrared light toward the detec-
tors 490 of the rnght and left side detection units 470 and 472.

To begin operation of the obstacle detection device 412, a
controller or microprocessor 558 of the power supply module
489 mitializes the various parameters and disables all inter-
rupts. The power source 488 of the power supply module 489
supplies each emitter 482 with the required power o1 8.2 volts.
The microprocessor 483 of each emitter 482 15 used to cause
the LED 483 to generate an IR pulse signal 560 of the type
illustrated 1n FIG. 22. Illustratively, the signal 560 includes a
600 microsecond pulsed portion 561 having a 57 kHz signal
with a 50 percent duty cycle. A two millisecond delay follows
the 57 kHz pulse with the output low. Such a pulse sequence
repeats indefinitely. An internal bus clock (not shown) 1llus-
tratively runs at 3.2 MHz. As such, this provides an instruc-
tion cycle time of 312.5 nanoseconds.

The detector 490 1s configured to look for a 056.8 diz
signal, which translates into 17.66 microseconds per pulse, or
8.803 microseconds per state. The number of instruction
cycles per state 1s determined by the following formula:

Instruction cycles=total time/instruction cycle time

By inserting the above values for total time of 8.803 micro-
seconds and instruction cycle time of 312.5 nanoseconds, the
number of instruction cycles 1s determined to be 28.17. Using,
28 cycles per state provides a total pulse time of 17.5 micro-
seconds which equates to 57.14 kHz. A loop that generates the
57 kHz IR signal 1s run 34 times, thereby giving a total time of
595 microseconds.

The detector 490 1s configured to look for the pulse signal
560 1ncluding a pulsed portion or an IR signal burst 561 at a
specific frequency. When the signal 560 1s detected with the
appropriate frequency component, the output of the detector
490 becomes active, effectively demodulating the transmaitted
signal. The detector 490 1ncludes a built-in frequency filter
having a range of 53.6 kHz to 60 kHz (56.8+3.2 kHz).

In addition to a band-pass filter, the IR detector 490 adjusts
its sensitivity level proportionately to the strength of the 1nci-
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dent light signal. This helps further filter noise signals that
may be present 1n the 56.8 kHz range.

The IR detector 490 filters the incident light to allow only
the wave length associated with IR to come 1nto contact with
the internal photo diode or sensor 491. This helps filter out the
cifects of sunlight, incandescent lighting, and fluorescent
lights.

Upon detecting the appropriate wave length or frequency
pulse signal 560, the detector 490 provides an essentially
demodulated signal 562 such as that illustrated in FI1G. 23.
The signal 1llustratively has a high value of approximately 5
volts.

The demodulated signal 562 from the detector 490 1s then
transmitted to a Resistor-Capacitor (RC) filter 564 compris-
ing part of the power supply module 489. The RC filter 564
converts the signal 562 of FIG. 23 to a waveform 566 such as
that 1llustrated 1n FIG. 24. The waveform of FIG. 24 has a
nominal value of approximately 3.8 volts.+-.0.5 volts. Illus-
tratively, the RC filter 564 i1s of conventional design and
includes a 100 kohm resistor and a 0.1 uF capacitor. The
output from the RC filter 564 passes through a conventional
analog to digital (A/D) converter (not shown) on its way to the
microprocessor 358.

If the RC filter output drops below 3.3 volts, then the
microprocessor knows that an obstacle has blocked the IR
light path between the emitter 482 and the detector 490, or
that a fault condition exists, such as the emitter 482 or detector
490 not functioning properly. In either case, the microproces-
sor 538 functions by activating an indicator 100 and disabling
the lifting device 66 from further lowering of the patient
support as detailed herein.

It should be appreciated that each emitter 482 and detector
490 could be configured to send and recerve signal wavetforms
having different bit or pulse patterns, including different
pulse frequencies and pulse durations, 1n order to further limit
the possibility of cross talk between different emitters and
detectors. As may be appreciated, since the detectors 490 are
configured to detect a frequency rather than an intensity,
interference from external light sources 1s reduced. Further-
more, by looking for frequency, similar emitters 482 and
detectors 490 may be used for obstacle detection for a wide
range of distances between the respective emitters 482 and
detectors 490.

Referring now to FIGS. 25-30, a further illustrative
embodiment obstacle or interference detection device 612 1s
shown coupled to the base frame 28 of the patient support
410. The mterference detection device 612 illustratively
includes first and second sensors 614 and 616 which are
coupled to upper surfaces 618 and 620 of the longitudinally
extending first (right) and second (left) side members 25 and
277 of the base frame 24, respectively. While 1n the following
description, first and second sensors 614 and 616 are 1llus-
trated as being associated with the side members 25 and 27 of
the patient support 410, 1t should be appreciated that addi-
tional sensors could be positioned adjacent the head end 18
and the foot end 20 of the patient support 410.

Each sensor 614 and 616 1s configured to provide an inter-
ference detection signal to a control system 622 1n the event
that 1t detects an obstacle or determines that a fault condition
ex1sts. More particularly, each sensor 614 and 616 1s config-
ured to provide the interference detection signal to control
system 622 upon detecting that an object, such as an individu-
al’s foot, 1s supported on one of the upper surfaces 618 and
620 of the base frame 24. As described 1n greater detail below,
the sensors 614 and 616 are configured to generate an inter-
terence detection signal only when a predetermined sufficient
force 1s applied thereto or when a fault condition occurs. As
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such, the sensors 614 and 616 avoid generating false interfer-
ence detection signals which could impact the normal opera-

tion of the patient support 410.

Referring further to FIGS. 28 and 29, each sensor 614 and
616 illustratively includes a force sensing tape switch 624
including upper and lower contacts 626 and 628 which extend
in substantially parallel relation 1n a longitudinal direction
above the side members 235 and 27 of the base frame 24. Each
contact 626 and 628 1s electrically conductive and 1s 1n elec-
trical communication with control system 622 through con-
ventional wires 630 and 632, respectively. Further, the upper
contact 626 1s resilient so that a downwardly acting vertical
force 634 will cause 1t to deflect 1into electrical contact with
the lower contact 628, and upon removal of the force 634 the
upper contact 626 will return to its original position 1n spaced
relation to the lower contact 628. Illustratively, each contact
626 and 628 1s formed from a thin sheet or layer of stainless
steel. A pair of 1solation spacers 636 and 638 are positioned
intermediate the upper and lower contacts 626 and 628 along
opposing longitudinally extending side edges 640 and 642
thereol. As such, the 1solation spacers 636 and 638 define a
central void 644 through which the upper contact 626 may be
deflected 1nto electrical contact with the lower contact 628.
The 1solation spacers 636 and 638 may be formed of any
clectrically insulative material, and are illustratively formed
from either a Mylar® film or conventional adhesive.

The lower contact 628 1s secured to a base 646, illustra-
tively formed from an electrically insulative material to pre-
vent electrical communication between the lower contact 628
and the base frame 24. An adhesive 648 may be utilized to
secure the lower contact 628 to the base 646. In one 1llustra-
tive embodiment, the base 646 1s made from a thermoplastic
material and formed as an unshaped channel. The base 646 1s
secured to a respective upper surface 618, 620 of the base
frame 24, illustratively through the use of an adhesive,
although other conventional fastening means, such as screw
or bolts, may likewise be used. A potting compound 650,
illustratively an epoxy, 1s recerved within the base 646 and
encapsulates the switch 624 formed by the upper and lower
contacts 626 and 628 and the 1solation spacers 636 and 638.

As 1llustrated 1n FIGS. 28 and 29, the potting compound
650 does not fill the void 644 between the upper and lower
contacts 626 and 628. Further, the potting compound 650
defines an upper surface 652 of the sensor 614. The material
and dimensions of the potting compound 650 and the upper
contact 628 are selected to provide a sufficient resiliency such
that when a predetermined suificient force 1s applied to the
upper surface 652, the potting compound 650 causes the
upper contact 626 to move downwardly 1nto electrical com-
munication with the lower contact 628. In an illustrative
embodiment, the predetermined suificient force 1s set to be
approximately 3.4 1bs.

Each sensor 614 and 616 1s configured to detect not only a
force exerted by an obstacle, but also a switch fault condition.
More particularly, each sensor 614 and 616 1s configured to
provide a logic high value to control system 44 when an
obstacle 1s not detected, and the switch 624 1s open, and a
logic low value when an obstacle 1s detected, and the switch
624 1s closed. Based on the signal recerved from the obstacle
detection device 612, control system 622 will prevent the
lowering of the intermediate or elevating frame 26 relative to
the base frame 24. More particularly, the logic low value
represents the iterference detection signal to control system
622. As detailed below, this logic low value may occur when
the switch 624 1s closed or when the switch 624 1s 1n a fault
condition.

Referring to FI1G. 30, a schematic representation of the first
sensor 614 of the obstacle detection device 612 1s shown. It
should be appreciated that the second sensor 616 1s substan-
tially identical. The upper and lower contacts 626 and 628 are
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shown as embodied within the switch 624. As stated previ-
ously, the upper and lower contacts 626 and 628 are made of
an electrically conductive material and are spaced apart at
their sides edges 640 and 642 by 1solation spacers 636 and
638. However, the upper and lower contacts 626 and 628 are

capable of contacting each other within the central void 644
positioned between the contacts 626 and 628. As detailed

above, the upper contact 626 1s configured to contact the
lower contact 628 when an obstacle exerts a sufficient force
against the upper surface 652 of the potting compound 650.
As such, the switch 624 1s open when the upper and lower
contacts 626 and 628 remain spaced apart, and the switch 624
1s closed when the upper contact 626 1s brought 1nto contact
with the lower contact 628 by the application of a sufficient
downward force against the upper surface 652.

As shown 1n FIG. 30, the lower contact 628 1s electrically
connected to a ground 654. The upper contact 626 1s con-
nected to a voltage supply 656 through a first resistor 658,
illustratively having a value of 270 ohms. The voltage supply
656 may form part of the control system 622. Further, the
upper and lower contacts 626 and 628 are connected together
by a second resistor 660, illustratively having a value of 1
kohm. A voltage output signal 662 i1s taken at the upper
contact 626 and then sent to an Analog to Digital (A/D)
converter 664 to generate a logic signal for control system
622. The A/D converter 664 may be incorporated within the

control system 622.

When the force exerted by an obstacle does not bring the
upper contact 626 into contact with the lower contact 628, the
switch 624 1s open and the circuit shown in FIG. 30 15 a
voltage divider. In an illustrative embodiment, the voltage
supply 636 1s a five volt supply and the values of first and
second resistors 658 and 660 are selected such that a voltage
value corresponding to a high logic value 1s measured at the
upper contact 626. In one embodiment, the measured voltage
1s 3.9V. When an obstacle brings the upper contact 626 1n
contact with the lower contact 628, the switch 624 1s closed
and the entire voltage of the voltage supply 656 1s dropped
over the first resistor 638 such that the voltage value measured
at the upper contact 626 corresponds to a logic low value.
[Likewise, should a break or similar fault occur within the
switch 624, the voltage of the voltage supply 6356 1s dropped
over the firstresistor 658 such that the voltage value measured
at the upper contact 626 will correspond to a logic low value.
In any of these situations, whether the switch 624 1s open, the
switch 624 1s closed, or the switch 624 1s 1n a fault condition,
the A/D converter 664 converts the analog voltage signal
measured at the upper contact 626 and converts 1t into either
a logic high value or a logic low value.

In response to the interference detection signal as repre-
sented by a logic low value, control system 622 will prevent
the lowering of the elevating frame 26 relative to the base
frame 24. Moreover, the logic low value indicates that either
an obstacle 1s supported on the base frame 24 or that the
switch 624 1s not operating properly and 1s 1n a fault condi-
tion. As such, 1n order to avoid potential damaging 1mpact
with the detected obstacle, control system 622 prevents lifting
device 66 from operating to lower the elevating frame 26. In
an 1llustrative embodiment, control system 622 permits con-
tinued operation of the lifting device 66 to raise the elevating
frame 26. Further, upon receiving the interference detection
signal, control system 622 may instruct the lifting device 66 to
raise the elevating frame 26 for a predetermined time period,
illustratively 2 seconds, while preventing operation of the
lifting device 66 to lower the elevating frame 26. Raising the
clevating frame 26 for a time period after an obstacle has been
detected, provides for the immediate and automatic move-
ment of the frame 26 1n a direction away from the detected
obstacle.
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While the sensors 614 and 616 of the interference detection
device 612 are illustratively positioned on the base frame 24,
it should be appreciated that the sensors 614 and 616 could
likewise be positioned on a lower surface of the elevating
frame 26. Further, the interference detection device 612 may
be utilized to detect obstacles between any two portions of a
patient support apparatus which move relative to each other.
For example, the interference detection device 612 may be
used between the foot end and head end siderails 46 and 47,
between the head end siderails 47 and the headboard 42, and
between the foot end siderails 46 and the footboard 44.

In a further alternative embodiment of the obstacle detec-
tion device 12 of the present invention, the detectors 90, 92,
94 may comprise cameras utilizing vision technology to
detect obstructions. More particularly, the camera captures
images as the elevating frame 26 moves along its path of
travel. The images captured by the camera are compared by
the control unit 98 to predefined images of the elevating frame
26 moving along the path of travel with no obstructions
present. If each captured image fails to substantially match a
corresponding predefined image, then the control unit 98
generates the stop signal 108 to prevent movement of the
clevating frame 26 1n the manner detailed above.

In yet another illustrative embodiment of the obstacle
detection device 12 of the present invention, the detectors 90,
92, 94 may comprise conductors, such as fiber optic cables,
cach having a property that changes between a first state and
a second state upon movement of bed frame components.

Additional details of such a conductor are disclosed in U.S.
patent application Ser. No. 09/791,936, filed Feb. 23, 2001,

now U.S. Pat. No. 6,662,391, which 1s assigned to the
assignee ol the present invention and which 1s expressly
incorporated by reference herein.

While the foregoing illustrative description details appli-
cation of the obstacle detection device 12 of the present
invention for detecting an obstacle between an elevating
frame 26 and a base frame 24, this in no way 1s intended to
limit the scope of the invention. Moreover, the obstacle detec-
tion device 12 may be utilized to detect obstacles between any
two portions of a patient support apparatus which move rela-
tive to each other. For example, the obstacle detection device
12 may be used between the first and second siderails 46 and
47, between the first siderail 46 and the footboard 44, and
between the second siderail 47 and the headboard 42.

Although the mvention has been described in detail with
reference to certain illustrated embodiments, variations and
modifications exist within the scope and spirit of the invention
as described and as defined in the following claims.

The mvention claimed 1s:

1. A patient support apparatus comprising: a base {frame; an
clevating frame disposed 1n spaced relation to said base
frame; a lifting device configured to move said elevating
frame relative to said base frame; an emitter coupled to one of
said base frame and said elevating frame, said emitter being
configured to generate a wireless signal, wherein said wire-
less signal generated by said emitter comprises an infrared
light optical curtain positioned intermediate said base frame
and said elevating frame; and a recerver coupled to one of said
base frame and said elevating frame, said recerver associated
with said emitter and configured to detect said wireless signal.

2. The patient support apparatus of claim 1, further com-
prising a control unit 1n communication with said lifting
device and said recerver, said control unmit configured to pre-
vent operation of said lifting device if said recerver fails to
detect said wireless signal.

3. The patient support apparatus of claim 1, further com-
prising a lens positioned proximate said infrared light source

10

15

20

25

30

35

40

45

50

55

60

18

and configured to convert light emitted from said infrared
light source to an optical curtain.

4. The patient support apparatus of claim 3, wherein said
lens comprises a fresnel lens.

5. The patient support apparatus of claim 1, wherein said
wireless signal includes a modulated signal and said control
unit compares said modulated signal to a predefined verifica-
tion signal to prevent interference from external light sources.

6. The patient support apparatus of claim 1, wherein said
receiver 1s configured to move with said elevating frame
within a predefined vertical range.

7. The patient support apparatus of claim 6, wherein said
predefined vertical range 1s from said base frame to said
clevating frame when said elevating frame 1s 1n a fully raised
position.

8. The patient support apparatus of claim 1, wherein: the
emitter 1s configured to generate a plurality of wireless sig-
nals 1n a plurality of signal paths; and a plurality of receivers
are configured to detect said wireless signals along different
ones of said signal paths, said control unit preventing move-
ment of said elevating frame when any of said plurality of
receivers fail to detect a wireless signal.

9. The patient support apparatus of claim 8, wherein at least
one of said recervers 1s supported for movement with said
clevating frame.

10. The patient support apparatus of claim 9, wherein said
emitter 1s supported by said base frame.

11. A hospital bed comprising: a first component; a second
component configured to move relative to said first compo-
nent along a path of travel; an emitter, wherein said emaitter
generates an indrared light optical curtain positioned interme-
diate said first component and said second component; a
detector supported by one of said first component and said
second component, said detector configured to detect an
obstacle that 1s within said path of travel of said second
component and that breaches the optical curtain without the
obstacle contacting the detector, said detector configured to
provide a control signal in response to detecting the obstacle;
and a control unit in communication with said detector and
configured to prevent relative movement of said first and
second components 1n response to said control signal.

12. The hospital bed of claim 11, wherein the emitter 1s
supported by one of said component and said second compo-
nent, said optical curtain generated by said ematter 1s detected
by the detector when the obstacle 1s absent.

13. The hospital bed of claim 12, wherein said emitter 1s
supported by said first component and said detector 1s sup-
ported for movement with said second component.

14. The hospital bed of claim 12, wherein said emitter
comprises an infrared light source.

15. The hospital bed of claim 14, wherein said wireless
signal includes a pulsed portion having a predefined fre-
quency, and said receiver 1s configured to detect said pre-
defined frequency.

16. The hospital bed of claim 15, wherein said pulsed
portion has a frequency of approximately 57 MHz and a
duration of approximately 600 microseconds.

17. The hospital bed of claim 12, wherein said detector
comprises a camera configured to capture images of said
second component along said path of travel.

18. The hospital bed of claim 17, wherein said control unit
1s configured to compare the images captured by said camera
to predefined 1images to determine the presence of an obstacle
within said path of travel.
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